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TECHNICAL FIELD AND INDUSTRIAL APPLICABILITY OF THE INVENTION 

This invention relates to an apparatus for preparing or constituting sizing 
compositions (hereinafter "size") used in the manufacture of glass fibers on site just 
prior to their use. More specifically, an in-line mixing apparatus has been developed to 
mix the raw materials needed for a particular size with a carrier fluid, such as water, and 
deliver the newly constituted size to an applicator for application to the glass fibers on a 
substantially continuous basis. 

BACKGROUND OF THE INVENTION 

In the manufacture of glass fibers, molten streams of fiberizabie glass material 
are typically pulled through* a bushing or ejected from a spinner and attenuated into 
fibers. Shortly after the fibers are attenuated, they are often coated with a size to retard 
interfilament abrasion and improve the handleability of the fibers, as well as to increase 
the compatibility of the fibers with the environment of their intended use. Typically, such 
sizes are aqueous solutions or dispersions containing film-forming polymeric materials, 
organosilane coupling agents, lubricants and various other processing aids, and are 
applied to the fibers by spraying or by passing the fibers across a pad or roll saturated 
with the size. However, for each glass end use application, a different size of unique 
formulation is often needed. 

In the past, the production of size has typically been conducted through a batch 
process whereby the sizes are prepared off-line, stored and then used/applied as 
needed. Since the size needed for different glass fiber applications can be quite varied, 
the simultaneous running of different glass fiber production lines requires that a suitable 
quantity of various sizes be maintained on site. However, maintaining such an inventory 
requires substantial capital expense allocations. For example, facilities for the 


production' and storage of size must be designed and constructed. The area must be 
large enough to house the raw materials, size formulating equipment and storage tanks 
for the batches of size. Additionally, the stored size must be maintained at proper 
temperatures to prevent deterioration. 

Further, obvious problems can arise during glass fiber processing if an 
inadequate size inventory is maintained. Underestimating the quantity of size needed 
may result in costly events ranging from delays to a complete halt in glass fiber 
production. Moreover, since the sizes generally have a limited shelf life, overestimating 
the size requirements may lead to waste, as unused size may have to be discarded. 

SUMMARY OF THE INVENTION 

To alleviate the problems noted above, an in-line mixing apparatus has been 
developed for formulating the size continuously, as needed, just prior to its use. More 
specifically, an in-plant facility is provided for the substantially continuous manufacture 
of sizes immediately prior to their application to glass fibers, by adding the various 
components of the size together in a mixing apparatus and supplying the mixture to the 
sizing applicator. The components are chosen in accordance to the particular size 
required, and are injected into a stream of water or other carrier fluid flowing within the 
in-line mixing apparatus to constitute the size. 

The mixing apparatus generally comprises at least two stages. The first stage 
providing a mixing device to mix together components used in preparing the size and 
disperse the mixture throughout the liquid carrier. The resulting mixture exits the first 
mixing device directly into a hydrolyzer, or second stage, where it resides for a sufficient 
time to allow the components to chemically react as desired. The mixture may then pass 
through additional mixing devices or stages if additional components are to be added to 


the mixture, or if greater residence time is needed to complete the desired chemical 
reactions between the components. Subsequently, the size may be piped directly to the 
size application device, or to a reservoir from which the size application device is fed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a longitudinal cross-sectional view of an embodiment of the in-line 
mixing apparatus. 

Figure 2 is a cross-sectional view of the injector rings of the in-line mixer. 

DETAILED DESCRIPTION AND PREFERRED EMBODIMENTS OF THE INVENTION 

The in-line mixing apparatus of the present invention is a multistage mixing 
device installed in a factory or plant where glass fibers are manufactured. Its purpose is 
to combine the various size components with a moving carrier fluid to constitute the size 
on a substantially continuous basis immediately prior to its application to the glass fibers 
as they are being pulled from a fiber-forming bushing or ejected from a fiber-producing 
spinner. The mixing apparatus is comprised of, at a minimum, a first static mixing device 
as a first stage, and a hydrolyzer or hydrolysis reactor as a second stage, wherein the 
outlet of the first mixing device is connected to the inlet of the hydrolyzer. Preferably, the 
mixing apparatus has, as a third stage, an additional static mixing device connected to 
the outlet of the hydrolyzer. However, additional stages, comprising static mixing 
devices or reactor chambers, may be serially added as necessary to obtain the desired 
size at the exit of the last stage. As the size exits the mixing apparatus, it is fully 
constituted and can be directly piped or otherwise delivered from the mixer outlet to the 
size application device used in the fiber-producing operation or to a reservoir from which 
the size application is fed. 


The static mixing devices are longitudinally tubular chambers of a size adequate 
to accommodate the quantities of size required. The components necessary for a 
particular size are added to a carrier fluid (usually water) flowing under pressure within 
the mixing device in a longitudinal direction. The carrier fluid and size components are 
combined within the first mixing device and mixed together due to the turbulence 
generated within the fluid stream as it passes through the device. Additionally, as the 
size components are mixed, they may begin to chemically react with one another or 
with the carrier fluid as they flow through the first mixing device. To ensure good mixing 
of the components, the mixing device is preferably equipped with conventional internal 
mixing elements installed within the device. 

The outlet end of the first mixing device or stage is directly connected to an inlet 
end of a hydrolyzer or hydrolysis reactor. The hydrolyzer or second stage of the in-line 
mixing apparatus may be larger in length and diameter than the first mixing device to 
increase the residence time of the fluid. Additionally, conventional mixing elements may 
be installed in the hydrolyzer to increase mixing of the components blended in the first 
stage. Preferably, the hydrolyzer is sized such that the mixture flows through it at a rate 
that permits the components to fully react prior to exiting the hydrolyzer. Also, the 
hydrolyzer may be equipped with additional material inlets should it be desired to 
introduce additional components to the mixture emerging from the first mixing device. 

A second mixing device, or third stage, similar to the first mixing device or stage 
may be attached to the exit of the hydrolyzer to provide additional blending of the 
components and to increase the residence time of the size as necessary to allow for 
continued reaction between the components. The third stage may also be equipped with 
additional material inlets should it be desired to add components to the mixture 
emerging from the hydrolyzer. 


The exit of the last stage of the in-line mixing apparatus, be it the second stage 
hydrolyzer, the third stage mixing device, or any additional mixing device or reaction 
chamber, is preferably connected directly to the feed reservoir of the size applicator 
used in the fiber-forming operation. For example, a direct connection system such as a 
pipe may be used to connect the output of the in-line mixer to the reservoir vessel of the 
size applicator. 

In use, once the size recipe is selected for a given run of glass fibers, 
appropriate quantities of the various components of the size are introduced, preferably 
via dosing pumps and injectors, into the flow of the carrier fluid, usually water, passing 
through the in-line mixing apparatus. While the injectors can be located anywhere on 
the mixing apparatus that will result in thorough mixing of a component introduced at 
that location throughout the composition, it is generally preferred that many of the size 
components, including any that require time to chemically react or that require longer 
mixing times to become dispersed throughout the liquid carrier, be introduced to the 
mixing apparatus at the inlet of the first stage. Accordingly, the mixing apparatus 
preferably includes an injector ring at the inlet end of the first stage, equipped with 
injectors extending radially therein substantially perpendicular to the liquid flow. The 
components introduced into the mixing chamber thereby are blended with the liquid as 
the mixture is agitated by the turbulence of the liquid stream moving through the mixing 
device. Moreover, as the mixture passes through the mixing device, the components 
can begin to chemically react with one another and/or with the carrier liquid. The mixture 
moves through the mixing device and exits therefrom into the hydrolyzer or second 
stage. 

Preferably, the mixture moves through the hydrolyzer at a slower pace than in 
the first stage, thus allowing for an extended residence time compared to the residence 

6 


time in the first mixing device. This allows sufficient time for the components to fully 
chemically react prior to being applied to the glass fibers. When the mixing apparatus 
comprises the optional third stage, an additional injector ring is preferably located at the 
exit end of the hydrolyzer, or at the inlet of the third stage mixing device, such that 
additional components may be added as the size mixture enters the third stage. In this 
embodiment, the mixture is then moved through a second mixing device, attached to the 
hydrolyzer, to allow increased mixing of the components and greater residence time to 
complete any desired chemical reactions. The completed size is then delivered, in liquid 
form, to the particular fiber forming operation where it is needed, preferably through an 
installed plumbing or piping system. 

A preferred embodiment of the in-line mixing apparatus of the invention is further 
described herein by reference to the accompanying drawings. Figure 1 shows the 
preferred in-line mixing apparatus of the invention 10, which is constituted by three 
serially connected stages 20, 40 and 60. 

The first stage 20 is a tubular structure comprising a mixing chamber 22 
containing mixing elements 39, into which water or other suitable fluid is introduced 
under pressure at inlet 24, at a controlled rate by an adjustable output pump (e.g. a 
dosing pump) or other suitable flow regulating device 38. To this stream of liquid, the 
components of the size are added using a component supply system 26 being shown 
attached to mixing chamber 22 at injector ring 37. It is to be understood that more than 
one supply system may be used and connected to the injector ring. To this end, the 
injector ring is provided with a plurality of injectors 36 to be used as desired. 

The supply system (or systems) includes an interconnected component storage 
vessel 30, an adjustable output pump or other suitable flow regulator 28, and a counter- 
pressure valve 34. The supply system is connected to an injector 36 on the mixing 


chamber 22, and the amount of raw materials to be added, determined by the recipe 
chosen for a particular size, is controlled by pump 28. Flow meter 32, located between 
valve 34 and injector 36, monitors the output of pump 28 and emits a signal if the output 
flow is not as desired, which can be used to adjust the pump output to the desired level. 

The mixing chamber 22 preferably contains mixing elements 39 to aid in mixing 
the size components as the mixture passes through the mixing chamber. The outlet 25 
of mixing chamber 22 is connected to an inlet 41 of hydrolyzer 42, the second of the 
three stages of the preferred in-line mixing apparatus. The hydrolyzer 42, like mixing 
device 22, is of tubular construction. However, it is preferably larger in diameter and in 
length, for the reasons explained below. 

The hydrolyzer tubular chamber 42 is not intended to be primarily a mixing 
apparatus. Instead, the hydrolyzer chamber 42 is intended to allow a sufficient period of 
time to permit the size components and fluid to chemically react (e.g., hydrolysis of 
organosiiane coupling agents) prior to delivery of the size to the size applicator or 
applicator supply reservoir. Therefore, hydrolyzer chamber 42 preferably has a larger 
interior volume than the first stage mixer to slow the flow rate of the size mixture 
emerging from the mixing chamber. However, although the main function is to provide 
sufficient residence time to allow the raw materials of the size to chemically react, the 
hydrolyzer chamber may contain mixing elements 43 should additional blending be 
desired, or if necessary to prevent separation. 

The hydrolyzer chamber may also be equipped with injectors for adding 
additional size components, such as injector ring 45 shown installed at the outlet 46 of 
hydrolyzer chamber 42. A component supply system 44 is shown attached to an 
injector 47 of injector ring 45. The supply system is similar to the supply system 26 
described hereinabove, and comprises an interconnected component storage vessel 50, 
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an adjustable output pump 52, a counter-pressure valve 54 and flow meter 56 
connected to the injector Af. 

The flow exiting the hydroiyzer is directed into the third stage 60. Third stage 60 
includes a mixing chamber 62 similar to the first stage, which includes mixing elements 
63 to further blend the size. The mixing chamber 62 may also be equipped with 
injectors to permit the introduction of additional size components. For example, an 
injector ring 64 having injectors 65 interconnected to component supply systems 66, 
comprising storage vessel 67, an adjustable output pump 68, counter-pressure valve 69 
and flow meter 70, may be attached to mixing chamber 62. As in the mixing chamber of 
the first stage, components added to the mixture at injector rings 45 or 64 are blended in 
the chamber 62 by turbulence imparted to the moving fluid by mixing elements 63. 

The mixing process is preferably controlled to continuously supply sufficient 
quantities of the size to permit continuous operation of the glass fiber producing 
operation, and to assure that the size supplied to the applicator is of the desired 
composition. Preferably, the applicator system used to apply the size material to the 
glass fibers includes a supply tank 72 for the size applicator 74, into which the size 76 is 
delivered via line 77 from the in-line mixing apparatus. Size 76 is withdrawn from the 
supply tank 72 and applied to glass fibers 78 by applicator 74. Excess size from the 
coating operation may be collected and returned to the supply tank for reuse. The size 
usage rate can be monitored by observing the liquid level in supply tank 72 with a 
suitable probe or level indicator 80. Additionally, any suitable in-line concentration meter 
can be used to monitor the concentration of the various components of the size. The 
information gathered by such level indicators and concentration meters can be fed to a 
computer control system 82 for controlling the component dosing pump speeds and the 
input rate of the liquid into the in-line mixer via control lines 84. 
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The types, amounts and sequence of component addition are dictated by the 
recipe for the particular size desired. Typically, the size will contain coupling agents, pH 
modifiers, lubricants, film formers and stabilizers, many of which can be reactive. 

Figure 2 shows the injector ring 37 with three injectors 36 installed therein. It is to 
be noted that more or less than three injectors may be installed. The injector ring 37 
has substantially the same internal diameter as the mixing chamber to which it is 
attached. Also, it will be noted that the injectors 36 preferably extend into the interior of 
injector ring 37 so as to extend into the fluid 23 flowing therein. This allows efficient 
delivery of the size ingredients into the fluid 23. Injector rings 45 and 64 shown in Figure 
1 on the hydrolyzer 42 and the third stage mixer 62, respectively, are preferably 
constructed like the ring 37. 

While Figure 1 shows only one injector ring (e.g. 37) on each tubular chamber 
(e.g. 22), it is also possible to install multiple injector rings at plural locations along the 
longitudinal axis of the various chambers, or to install a single injector ring at locations 
other than those shown in Figure 1. Accordingly, if a size component should be added 
to the mixture only after other components have been added and reacted, that 
component may be added through an injector mounted downstream from where the 
previous components were introduced. Also, it is possible to install the injectors onto 
and through the walls of the mixing and hydrolyzer chambers without the use of an 
injector ring. Thus, holes could be drilled through the mixing chamber walls and injectors 
mounted therein to inject materials into the interior of the chamber. 
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